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A B S T R A C T
Background: The association between socioeconomic position and incidence of colorectal cancer is
inconsistent and differs by global region. We aimed to clarify this association in the Swedish population.
Methods: We conducted a population-based open cohort study using data from Swedish national
registers. We included all individuals, aged 30 years, residing in Sweden between 1993 and 2010.
Socioeconomic position was indicated by (1) highest educational level (ﬁve groups), and (2) disposable
income (quintiles). We used Poisson regression to estimate incidence rate ratios (IRR) and 95% conﬁdence
intervals (95% CI) of colon and rectal cancer, and colon and rectal dysplasia.
Results: In total, 97,827,817 person-years were accumulated and 82,686 cases of colorectal cancer were
diagnosed. Compared to men with ‘higher secondary’ education, the adjusted IRRs (95% CI) of rectal
cancer in men with ‘primary or less’, ‘lower secondary’, ‘lower university’ or ‘higher university’ education
were: 1.06 (1.00, 1.11), 1.05 (0.99, 1.10), 0.96 (0.89, 1.03), and 0.92 (0.86, 0.98), respectively. In women, the
corresponding ﬁgures were: 1.04 (0.95, 1.14), 1.03 (0.94, 1.13), 0.92 (0.82, 1.02) and 0.92 (0.82, 1.02).
Disposable income was not associated with rectal cancer incidence. Adjusted IRRs of colon cancer did not
differ between levels of education or disposable income overall or for speciﬁc colon sub-sites. Neither
education nor disposable income was consistently associated with incidence of colon or rectal dysplasia.
Conclusions: Prevention strategies for colon cancer should be applicable to individuals regardless of their
socioeconomic position. However, factors conferred by education, e.g., health awareness, may be
important for approaches aiming to reduce inequalities in incidence of rectal cancer. Further evaluation
of cancer prevention and health promotion strategies among less educated groups is warranted.
ã 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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In 2012, 8.2 million deaths worldwide were attributed to cancer
[1] and this ﬁgure will rise considerably over the next two decades
[2]. In high-income countries, colorectal cancer is the second
largest contributor to cancer-related mortality, behind lung
cancers [3].
Risk factors for colorectal cancer include inﬂammatory bowel
disease, a family history of colorectal cancer, increased body mass
index, red meat intake, cigarette smoking, low physical activity,Abbreviations: LISA, Longitudinal Integration Database for Health Insurance and
Labour Market Studies.
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1877-7821/ã 2016 The Authors. Published by Elsevier Ltd. This is an open access article unand low fruit and vegetable consumption [4]. Risk factors may
differ between cancer sub-sites within the large bowel [5–7], so
colon and rectal cancer should be studied as distinct outcomes.
Exposure to risk factors may vary by socioeconomic position,
contributing to inequalities in incidence of colorectal cancer [5].
However, associations of socioeconomic position with incidence of
colorectal cancer are inconsistent and differ by global region [8]. In
North America, groups of lower socioeconomic position have
higher incidence of colorectal cancer; in Europe, this pattern is
often reversed [8–10]. Variation between populations in exposure
to risk factors, healthcare, and preventative strategies, may explain
some discrepancies between studies. Inconsistencies may also
reﬂect small and potentially biased samples. Using data from
national registers to study the association between socioeconomic
position and incidence of colorectal cancer provides large and
unbiased samples. However, such studies conducted in Scandi-
navia have also had inconsistent results [11,12].
We aimed to (1) contribute to the existing evidence surround-
ing the association between socioeconomic position and incidenceder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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whole Swedish population, (2) extend existing research by using
national register data to examine incidence rates within speciﬁc
sub-sites of the colon, and (3) test whether socioeconomic
inequalities in incidence of precancerous colorectal lesions exist
in Sweden, by assessing the association between socioeconomic
position and incidence of colorectal dysplasia.
2. Methods
2.1. Study design
We conducted a population-based open cohort study. Data for
the study period, 1st January 1993 to 31st December 2010, were
obtained from national registers. All men and women, aged 30
years or older, residing in Sweden, without a previous record of
colorectal cancer, were included. Individuals immigrating to
Sweden after 30 years of age were included in the study from
the year after they were ﬁrst included in the register of the total
population. Swedish residents aged <30 years were included from
the month that they reached 30 years of age. Individuals age <30
years were excluded to help ensure that those included in the
study had reached their highest attained level of education. Cohort
members were censored on migration, death, or end of study
period. Overall, 100,682,794 person-years were accumulated by
7,821,897 individuals. Ethical approval for the study was granted by
the Regional Ethical Review Board, Stockholm, Sweden (2011/634-
31/4).
2.2. Data sources
Data from four national registers were linked using the unique
personal identity number assigned to each individual registered in
Sweden (Fig. 1) [13]. The Swedish national registers have been
described previously [14], but in brief, pathologists and clinicians
in Sweden are obliged to report all new cancer diagnoses to the
Cancer Register, which has an overall completeness of at least 96%
[15]. The Cause of Death Register contains information about all
Swedish residents who have died since 1952. In addition, the
Register of the Total Population and the Longitudinal Integration
Database for Health Insurance and Labour Market Studies (LISA)
contain information on individual characteristics, such as income,
education, and marital status, of all Swedish residents. Variables
from these registers were available annually, based on information
in the registers at the end of the preceding year.Fig. 1. A summary of the study data for indicators of socioeconomic position, outcome
*LISA: the Longitudinal Integration Database for Health Insurance and Labour Market S
**Healthcare region of each individual’s registered place of residence.
Information on covariates was from the year prior to each year of observation, except for in
position were also from the year prior to each year of observation.2.3. Indicators of socioeconomic position
2.3.1. Highest educational level
Highest educational level was available annually and was
divided into ﬁve categories: ‘primary or less’ (up to 9 years of
compulsory education), ‘lower secondary’ (secondary education
focused on vocational training; 10-12 years of education), ‘higher
secondary’ (secondary education focused on theoretical training;
10–12 years of education), ‘lower tertiary’ (university education <3
years; 12–15 years of education), and ‘higher tertiary’ (university
education 3 years; 15 years of education).
2.3.2. Disposable income
Disposable income was an annual individualised measure of
family disposable income calculated as the sum of all household
incomes after taxes and any monetary social beneﬁts, adjusted for
household size. For analysis, disposable income was divided into
quintiles.
2.4. Outcome ascertainment
Cancer diagnoses were classiﬁed using the second edition of the
International Classiﬁcation of Diseases-Oncology (ICD-O/2). Colon
cancers (C18 or C19) and rectal cancers (C20) with a histological
code of adenocarcinoma (81403 or 84803) were included. Cancer
of the appendix (C18.1, n = 799 cases) was not included due to its
differing aetiology. For sub-analyses, colon cancers were divided
into four groups by location: (1) right-sided: cecum, ascending
colon and hepatic ﬂexure (C18.0, C18.2 and C18.3); (2) transverse
colon (C18.4); (3) left-sided: splenic ﬂexure, descending colon and
sigmoid colon (C18.5, C18.6 and C18.7); and (4) overlapping or
unspeciﬁed lesions (C18.8 and C18.9).
2.5. Deﬁnition of covariates
Country of birth was categorised as: ‘Sweden’, ‘Nordic
countries’ (Norway, Denmark, Finland and Iceland), ‘Europe’
(member states of the European Union before 2013), and ‘Outside
Europe’ (including 839 individuals with an unknown country of
birth). Healthcare region (six categories) was classiﬁed based on
the national healthcare region of each individual’s registered place
of residence each year [16]. Marital status for each year was
categorised as: ‘Married/cohabiting’, ‘Single–divorced/separated’,
‘Single–widowed’, and ‘Single–never married/cohabited’. Cohab-
iting status was determined if two people were parents of a child
living at the same address.s, covariates and censoring events, obtained from four Swedish national registers.
tudies.
formation on sex and country of birth, which was ﬁxed. Indicators of socioeconomic
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Individuals missing data for education, disposable income, or
marital status in all years of follow-up were excluded from the
study (n = 458,022; 2,515,892 person-years). Individuals were also
excluded for any year in which data were missing for education,
disposable income, or marital status in the previous year
(n = 169,732; 339,086 person-years).
2.7. Statistical analyses
2.7.1. Missing data
The demographic characteristics of individuals with missing data
for education, marital status, or disposable income in all years of
follow-up, were compared tothosewith complete data inat leastone
year of follow-up, using Pearson’s x2 (for categorical variables) or
independent samples t-tests (for continuous variables).
2.7.2. Socioeconomic position and incidence of colon and rectal cancer.
Poisson regression was used to estimate incident rate ratios
(IRR) and 95% conﬁdence intervals (95% CI) of colon cancer and
rectal cancer for each level of education (reference group: higher
secondary education) and disposable income (reference group:Table 1
Number of cases of colon and rectal cancer in men and women, and total accumulated
Men 
Colon cancer cases n (%) Rectal cancer cases n 
Total 27,171 16,220 
Educational level
Primary 13,400 (49.3) 8080 (49.8) 
Lower secondary 5449 (20.1) 3451 (21.3) 
Higher secondary 3778 (13.9) 2154 (13.3) 
Lower tertiary 1831 (6.7) 1030 (6.4) 
Higher tertiary 2713 (10.0) 1505 (9.3) 
Disposable income
Quartile 1 (lowest) 4034 (14.8) 2346 (14.5) 
Quartile 2 5605 (20.6) 3266 (20.1) 
Quartile 3 6518 (24.0) 3765 (23.2) 
Quartile 4 5521 (20.3) 3474 (21.4) 
Quartile 5 (highest) 5493 (20.2) 3369 (20.8) 
Country of birth
Sweden 24,772 (91.2) 14,716 (90.7) 
Nordic countries 979 (3.6) 672 (4.1) 
Europe 782 (2.9) 465 (2.9) 
Outside Europe 638 (2.3) 367 (2.3) 
Healthcare region
Stockholm and Gotland 4868 (17.9) 2968 (18.3) 
Uppsala and Örebro 5996 (22.1) 3676 (22.7) 
South–East 3115 (11.5) 1844 (11.4) 
South 5342 (19.7) 3108 (19.2) 
West 5189 (19.1) 2978 (18.4) 
North 2661 (9.8) 1646 (10.1) 
Marital status
Married/cohabiting 17,924 (66.0) 10,610 (65.4) 
Single–divorce/separated 3615 (13.3) 2270 (14.0) 
Single–widowed 2869 (10.6) 1531 (9.4) 
Single–never married/cohabited 2763 (10.2) 1809 (11.2) 
Period of follow-up
1993–1995 3643 (13.4) 2267 (14.0) 
1996–1998 4030 (14.8) 2448 (15.1) 
1999–2001 4508 (16.6) 2528 (15.6) 
2002–2004 4824 (17.8) 2804 (17.3) 
2005–2007 4946 (18.2) 2975 (18.3) 
2008–2010 5220 (19.2) 3198 (19.7) 
Person-years do not sum to 97,827,817 for all sociodemographic characteristics due to third quintile). Analyses were stratiﬁed by sex and adjusted for age,
country of birth, healthcare region, marital status, and period of
follow-up (3-year bands), mutually adjusted for education/
disposable income. The assumption of proportional hazards was
examined using likelihood ratio tests to compare the main models
with and without interaction terms for educational level/dispos-
able income by period of follow-up.
2.7.3. Socioeconomic position and incidence of sub-site speciﬁc colon
cancer
Health behaviours explain a greater proportion of the associa-
tion of socioeconomic position with right-sided colon cancer than
with left-sided colon cancer [5] and screening is reported to be
more effective in the left- than the right-colon [17]. Therefore
socioeconomic differences in incidence of colon cancer may vary
between regions of the colon. As such, a sub-analysis was
conducted with colon cancers stratiﬁed by regions within the
colon (as described in Section 2.4).
2.7.4. Socioeconomic position and incidence of colon and rectal
dysplasia
To explore the possibility of socioeconomic inequalities in the
detection and removal of pre-cancerous colon and/or rectal polyps, person-years, stratiﬁed by sociodemographic characteristics.
Women
(%) Colon cancer cases n (%) Rectal cancer cases n (%) Person-years
27,832 11,463 97,827,817
15,360 (55.2) 6088 (53.1) 30,885,491 (31.6)
7411 (26.6) 3214 (28.0) 29,689,314 (30.3)
1206 (4.3) 543 (4.7) 12,002,165 (12.3)
1736 (6.2) 723 (6.3) 11,219,403 (11.5)
2119 (7.6) 895 (7.8) 14,031,444 (14.3)
5801 (20.8) 2380 (20.8) 18,525,524 (18.9)
8102 (29.1) 3223 (28.1) 19,270,578 (19.7)
6501 (23.4) 2565 (22.4) 19,799,336 (20.2)
4068 (14.6) 1794 (15.7) 20,084,612 (20.5)
3360 (12.1) 1501 (13.1) 20,147,765 (20.6)
25,232 (90.7) 10,316 (90.0) 85,514,896 (87.4)
1,382 (5.0) 612 (5.3) 4,287,299 (4.4)
766 (2.8) 322 (2.8) 2,580,455 (2.6)
452 (1.6) 213 (1.9) 5,445,166 (5.6)
5045 (18.1) 2101 (18.3) 20,181,727 (20.6)
6033 (21.7) 2614 (22.8) 21,458,265 (21.9)
3252 (11.7) 1349 (11.8) 10,701,665 (10.9)
5519 (19.8) 2232 (19.5) 17,363,907 (17.7)
5323 (19.1) 2074 (18.1) 18,105,432 (18.5)
2660 (9.6) 1093 (9.5) 10,016,820 (10.2)
12,460 (44.8) 5430 (47.4) 60,098,831 (61.4)
4539 (16.3) 1850 (16.1) 16,730,339 (17.1)
9018 (32.4) 3322 (29.0) 7,225,543 (7.4)
1815 (6.5) 861 (7.5) 13,773,104 (14.1)
3720 (13.4) 1588 (13.9) 15,064,252 (15.4)
4072 (14.6) 1718 (15.0) 15,767,822 (16.1)
4582 (16.5) 1859 (16.2) 16,217,955 (16.6)
4860 (17.5) 2022 (17.6) 16,624,201 (17.0)
5333 (19.2) 2090 (18.2) 16,924,755 (17.3)
5265 (18.9) 2186 (19.1) 17,228,831 (17.6)
rounding.
H.L. Brooke et al. / Cancer Epidemiology 40 (2016) 188–195 191the main analyses were repeated with colon and rectal dysplasia as
the outcome. For these analyses histological codes for dysplasia
(82632, 82112, 82612, 82102) rather than adenocarcinoma were
used.
3. Results
3.1. Missing data
Compared to individuals with complete data for at least one
year of follow-up (n = 7,363,875), those with missing data for
education, marital status, or disposable income in all years of
follow-up (n = 458,022; 5.9%), were signiﬁcantly older in the year of
potential entry to the study (mean age 72.9 vs. 45.9 years), a greater
proportion were female (59.6 vs. 50.3%), and a greater proportion
were born outside of Sweden (32.5 vs. 15.1%).
3.2. Descriptive characteristics
Overall, 97,827,817 person-years were included in the main
analyses and 82,686 cases of colorectal cancer were diagnosed
(Table 1). The median age at diagnosis (interquartile range) was 73
(65–80) years. Approximately one third of diagnoses were rectal
cancer. The male:female ratio of diagnoses was 0.98 for colon
cancer and 1.42 for rectal cancer. The crude incidence rates for
colon cancer and rectal cancer in men were 56.9 and 34.0 per
100,000 person-years, respectively, for women this was 55.6 and
22.8 per 100,000 person-years, respectively.
3.3. Socioeconomic position and incidence of colon and rectal cancer
Educational level and quintile of disposable income were not
clearly associated with incidence rates of colon cancer (Fig. 2a and
Supplementary Table 1). However, in both men and women, there
was an inverse association of educational level with incidence
rates of rectal cancer (Fig. 2b and Supplementary Table 1). Men and
women with primary education had, respectively, 6% and 4% higher
incidence rates of rectal cancer than those with higher secondary
education (IRR [95% CI], men 1.06 [1.00–1.11], women 1.04Fig. 2. Incidence rate ratios (IRR) and 95% conﬁdence intervals (95% CI) of colon cancer
education) and quintile of disposable income (reference group: third quintile) for men
Estimated using Poisson regression models adjusted for age, country of birth, healthcare
level and personal disposable income.
A log-scale is used on the x-axes.[0.95–1.14]). Men and women with higher tertiary education
had an 8% lower incidence rate of rectal cancer than those with
higher secondary education (IRR [95% CI], men 0.92 [0.86–0.98],
women 0.92 [0.83–1.02]). The association between educational
level and incidence rate of rectal cancer was driven by men and
women aged 60 years or over who accounted for the majority of
the cases (Supplementary Table 1). There was not an equivalent
association of disposable income with incidence rates of rectal
cancer. There was no evidence to suggest that the assumption of
proportional hazards was violated in the main analysis.
3.4. Socioeconomic position and incidence of sub-site speciﬁc colon
cancer
Educational level and disposable income were not associated
with incidence rates of sub-site speciﬁc (right, transverse, left and
unspeciﬁed) colon cancer, in men or women (Fig. 3 and
Supplementary Table 2).
3.5. Socioeconomic position and incidence of colon and rectal
dysplasia
In total,16,189 cases of colon and rectal dysplasia were recorded
during the study period (Supplementary Table 3). Educational level
and quintile of disposable income were not associated with
incidence rates of colon and rectal dysplasia in women (Fig. 4). For
men, there was no consistent association of education with
incidence rates of colon and rectal dysplasia, but those in the
lowest quintile of disposable income had a lower risk of a colon or
rectal dysplasia diagnosis compared with those in the third
quintile (Fig. 4). However, there was a signiﬁcant interaction of
disposable income by period of follow-up for colon and rectal
dysplasia in men. Stratiﬁed analyses indicated that there were
higher rates of colon dysplasia in men in highest quintile of
disposable income, compared with the third quintile, in the early
follow-up periods of the study, which were not present during later
periods (Supplementary Fig. 1). For rectal dysplasia there were no
consistent patterns in results stratiﬁed by follow-up period
(Supplementary Fig. 2). (A) and rectal cancer (B) by educational level (reference group: higher secondary
 and women aged 30 years or older, residing in Sweden between 1993 and 2010.
 region, marital status, and period of follow-up, mutually adjusted for educational
Fig. 3. Incidence rate ratios (IRR) and 95% conﬁdence intervals (95% CI) of sub-site speciﬁc (right (A), transverse (B), left (C), and unspeciﬁed (D)) colon cancer by educational
level (reference group: higher secondary education) and quintile of disposable income (reference group: third quintile) for men and women aged 30 years or more, residing in
Sweden between 1993 and 2010.
Diagnoses of right-sided colon cancer n = 9529 men, n = 11,911 women; transverse colon cancer n = 1998 men, n = 2390 women; left-sided colon cancer n = 11,903 men,
n = 9988 women; unspeciﬁed colon cancer n = 2706 men, n = 2762 women.
Estimated using Poisson regression models adjusted for age, country of birth, healthcare region, marital status, and period of follow-up, mutually adjusted for educational
level and personal disposable income.
A log-scale is used on the x-axes.
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4.1. Summary of key ﬁndings
Educational level, but not disposable income, was inversely
associated with incidence of rectal cancer. As such, factors
conferred by education, such as health awareness, may be
particularly important for strategies that aim to reduce inequalities
in incidence of rectal cancer. Moreover, the absence of an
association between education and rectal dysplasia, in contrast
to the inverse association of education with rectal cancer, alludes
to inequalities in the early detection of rectal cancer in Sweden.
4.2. Socioeconomic position and incidence of colon cancer
Our results contribute to the evidence indicating geographical
differences in the association between socioeconomic position and
incidence of colon cancer [8]. Some geographical variation may be
due to differences in study methodologies. However, a large multi-centre study, using a standardised methodology, also showed
different associations between northern and southern Europe [9].
Differences in exposure to risk factors could be an alternative
explanation for geographical variation. In Sweden the distribution of
known behavioural risk factors between socioeconomic groups is
similar to that in other countries, such as the UK [18] and the US
[19,20]. For example, there is a greater prevalence of obese
individuals [21], smokers [22], and individuals with low leisure-
time physical activity [23], in groups of lower socioeconomic
position. Nonetheless, there may be differences in exposure to
unknown risk factors, or social factors speciﬁc to Sweden, such as
universal health care, which may lead to geographical discrepancies.
Similar to our results, a register-based study in Denmark did not
ﬁnd an association of education or disposable income with
incidence of colon cancer [11]. Although, in that study other
measures of social disadvantage (housing tenure, dwelling size and
employment status) were associated with a higher incidence of
colon cancer, particularly in men. In contrast to our results, a
register-based study in Sweden between 1971 and 1998 found a
Fig. 4. Incidence rate ratios (IRR) and 95% conﬁdence intervals (95% CI) of colon dysplasia (A) and rectal dysplasia (B) by educational level (reference group: higher secondary
education) and quintile of disposable income (reference group: third quintile) for men and women aged 30 years or more, residing in Sweden between 1993 and 2010.
Diagnoses of colon dysplasia n = 5,079 men, n = 4536 women; rectal dysplasia n = 3322 men, n = 3252 women.
Estimated using Poisson regression models adjusted for age, country of birth, healthcare region, marital status, and period of follow-up, mutually adjusted for educational
level and personal disposable income.
A log-scale is used on the x-axes.
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with the least educated women and the opposite association for
men [12]. Socioeconomic inequalities in incidence of colon cancer
in Sweden may have changed in recent decades. However,
differences such as adjustment for income, marital status and
country of birth in our study and the use of incidence rate ratios
rather than standardised incidence rates, could also explain these
contrasting results.
4.3. Socioeconomic position and incidence of rectal cancer
The inverse association of educational level with incidence of
rectal cancer supports the results of previous studies from North
America [8] and Europe [12,24]. Another European study suggests
that indicators of greater social deprivation, such as housing
tenure, dwelling size and employment status, but not education or
income, are associated with a higher incidence of rectal cancer in
men [11], while others have found no associations [9]. Although
there was an association of educational level with incidence of
rectal cancer, there was not an equivalent association for
disposable income. Factors conferred by education that are not
accessible simply through greater ﬁnancial resources, such as
health awareness, may be particularly important to consider in
future policy and prevention strategies to reduce health inequal-
ities in rectal cancer.
We found an association of education with incidence of rectal
cancer but not with incidence of colon cancer. This discrepancy
may be because the initial symptoms of rectal cancer are more
deﬁned than those of colon cancer [25]. Higher education and thus
higher health awareness may be advantageous for recognising
deﬁned symptoms, but may not be adequate to identify the vague
initial symptoms of colon cancer.
4.4. Socioeconomic position and incidence of sub-site speciﬁc colon
cancer
In contrast to previous studies [9,10], we found no meaningful
variation in the results between sub-sites. As there was no overallassociation of socioeconomic position with colon cancer an
association within a sub-site may not have been expected.
Additionally, associations may vary between colon sub-sites due
to socioeconomic differences in the uptake of screening
programs, which are more effective for left-sided colon cancers
[10]. Although a regional screening program was introduced in
Stockholm in 2008, the absence of a national screening program
for colorectal cancer in Sweden, during the study period, could
help explain why no differences were found between colon
sub-sites.
4.5. Socioeconomic position and incidence of colon and rectal
dysplasia
Men in the lowest quintile of disposable income had lower
incidence of colon and rectal dysplasia compared with those in the
third quintile. Lower awareness of cancer symptoms in men with
lower income [26] may result in these individuals delaying contact
with healthcare professionals until after malignancy has devel-
oped. The absence of an association between education and rectal
dysplasia indicates that more cases of dysplasia were diagnosed
among the more highly educated groups and fewer cases of
dysplasia were diagnosed among the less educated groups, than
would have been expect based on the association of education with
rectal cancer. This alludes to inequalities in the early detection of
rectal cancer in Sweden and highlights the importance of raising
awareness of cancer symptoms among less educated groups and
ensuring equal access to medical care. In addition, the association
of education with rectal cancer in this analysis may have been
strengthened because there would have been a proportionally
larger reduction in incidence of cancer, due to the treatment of
dysplasia, in the more educated groups than in the less educated
groups. Socioeconomic differences in the detection and removal of
pre-cancerous colon and/or rectal polyps were not found to
inﬂuence the other main results, as results were parallel for
dysplasia and cancer. Analyses stratiﬁed by period of follow-up
suggested a reduction in socioeconomic inequalities in incidence
of colon dysplasia diagnoses over time. However, we did not ﬁnd
194 H.L. Brooke et al. / Cancer Epidemiology 40 (2016) 188–195other consistent associations between socioeconomic position and
incidence of colon or rectal dysplasia.
4.6. Strengths and limitations
Strengths of the study include the whole-population cohort
design with almost complete national coverage of all variables.
Although individuals excluded from the study were not
completely representative of the analytical sample, only 2.8%
of person-years were excluded, so this is unlikely to have
affected the results. Using data systematically collected for
administrative purposes reduced the study’s vulnerability to
exposure misclassiﬁcation, recall bias, and selection bias,
compared to studies with small samples and self-reported
data. There was no national screening program in Sweden until
2014. As such, it is unlikely that any organised screening
program substantially altered our results. Although opportunis-
tic screening may have inﬂuenced the results, this information
is not included in national registers so could not be included in
our analyses. Behavioural risk factors for colorectal cancer, such
as smoking and diet, were also unavailable. However, both
screening participation and behavioural risk factors may be
considered intermediate variables rather than confounders in
these analyses.
4.7. Conclusions
In the Swedish population, incidence of colon cancer was not
clearly patterned by socioeconomic position. As such, prevention
strategies for colon cancer should be applicable to individuals
regardless of their socioeconomic position. Nonetheless,
educational level was inversely associated with incidence of rectal
cancer. Factors conferred by education, such as health awareness,
may be particularly important for future policy and prevention
strategies that aim to reduce inequalities in incidence of
rectal cancer. In addition, further evaluation of cancer prevention
and health promotion strategies among less education groups is
warranted. Socioeconomic differences in colorectal
dysplasia largely did not inﬂuence the results; however, there
may be inequalities in the early detection of rectal cancer in
Sweden.
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